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Abstract
Combustion of rice straw under different oxygen concentrations was studied by using TG analysis in this
paper. Effects of oxygen concentration and various heating rates on TGA of rice straw were thoroughly
analyzed. Mass loss rates of straw combustion under different oxygen concentrations were similar when
temperature was below 230°C. The volatile release end temperature decreased with the oxygen
concentration increasing, the temperature, associated to maximum weight loss rate, is lower under higher
oxygen concentration except O2:N2=60:40. The weight loss rate of combustion shifted to a higher
temperature with heating rates increasing.
© 2015 The Authors. Published by Elsevier Ltd.
Selection and/or peer-review under responsibility of ICAE
Keywords: Combustion; rice straw; oxygenconcentration; heating rate; Thermogravimetric Analysis
1. Introduction
China produces around 700 million tons of straw each year, approximately 40% of which is used for
industry material, animal feed and bedding, there is 60% can be used as energy resource, equals about
210 million tons of standard coal (29271.2kJ kg-1). With the development of Chinese economy, the straw
becomes solid waste once as the main fuel of peasant household, it pile up throughout the year, take up
the farmland, or burn on location, not only has wasted a large number of resources but also polluted the
environment seriously. The straw-fired boiler possesses is proved as a kind of very effective way of
disposition in agriculture solid waste, because it has the advantages of volume decrement [1] , energy
reuse [2] and CO2 zero emission [3].
Because of the low caloric nature of the straw volatiles, the combustion takes place at a lower
temperature, but with rapid ignitionand rapid devolatilization [4]. In a real combustion of straw which on
the vibrated grate, the ambient oxygen concentration varies from time to time due to insufficient vibration
mixing of air and straw which will affect reactions of pyrolysis and combustion of straw. The kinetics of
pyrolysis and combustion of straw fuel under different oxygen concentrations can be used in a CFD
(Computational fluid dynamic) reactions model of straw-fired grate boiler [5], and it would be of interest
in fuel research.
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Most studies have investigated the behaviour of pyrolysis of straw materials under nitrogen
atmosphere. Most recent models of pyrolysis and combustion of biomass are reviewed by Di Blasi [6],
The thermal degradation of agricultural products and by-products (three kinds of straws, wheat, corn
stalks and barley straw) has been investigated [7-10], Oxidative degradation and ignition of straw and
rain-leached straw were investigated at a laboratory scale by Blasi [11], The thermal characteristics of
the heating processes of rice straw in different atmospheres of air and nitrogen have been investigated by
Calvo [12].
In this paper, the rice straw combustion under different oxygen concentrations will be studied by
Thermogravimetric analysis (TGA), the mass loss rate of various straws under oxygen concentrations and
effects of different heating rate was also investigated.
2. Experimental
2.2. Instruments and materials
TGA was carried out using a NETZSCH Simultaneous Thermal Analyzer STA 409 PC Luxx. The air
was used as flow gas passing by the crucible, in which sample was placed first. The sample weight was
measured accurately using the sensor connected to the Sample carrier by the connection pole underneath
the sample carrier. The weight precision for STA 409 was 0.001 mg. The temperature reproducibility of
the TGA 409 was ±3°C. In the experiments, the samples (about 3.5 mg) were spread uniformly in the
crucible. The heating rate from 10 K min- 1 to 50K min-1 from room temperature (about 35°C) to 950K
linearly. The air flow rate was fixed at 100 ml min-1.
The experimental materials of rice straw came from a rural area of Xuzhou city Jiangsu Province in
China. The sizes of all the straw particles were less than 0.02 mm. There is about 13.40 mass% moisture,
67.21 mass% volatile, 13.13 mass% ashes and 6.26 mass% fixed carbon in rice straw samples, and the
composition hydrogen(H), carbon(C), oxygen(O), nitrogen(N) and sulfur(S) is 6.26, 5.05, 38.32, 55.74,
0.63 and 0.11 respectively.
2.2. theory
The definition of DTG and CDC is as follows:
(1)
Where is the sample weight at the moment of time in the TGA experiment, is the initial
weight of the sample, is the ultimate weight of sample, is the degree of conversion of the
combustible in straw during TGA; DTG is first derivative of TG.
3. Experimental Results and Discussion
3.3. Effects of oxygen concentration on TGA of rice straw
In Table 1, it was found that the volatile release onset temperatures were affected by oxygen
concentration, but it increasing or decreasing do not agrees with the changes of oxygen concentration.
However, the volatile release end temperature decreased with the oxygen concentration increasing. At the
same, when oxygen concentration increased, the weight loss rate of rice straw increased and the
maximum value of DTG curves also shifted to a lower temperature., it means that the straw volatile
release fast in a higher oxygen concentration atmosphere. It is believed that the force of fusion layer is
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reduced by the presence of oxygen as proposed by Blasi [13].
Table 1






(vol%) (°C) (°C) (°C- 1) (°C)
10 21 265.9 365.9 6.06 293.9
30 264.4 364.2 6.92 292.0
10 21 256.3 359.5 18.67 296.6
30 262.6 349.2 21.70 293.2
20 21 263 367.6 27.64 301.6
30 269.6 355.0 29.90 297.6
40 21 281.0 408.1 23.58 313.3
30 273.9 400.6 25.16 310.7
50 10 263.1 388.7 35.63 315.4
21 266.9 374.3 45.07 309.9
30 265.2 354.5 58.11 298.6
40 273.6 316.8 112.30 291.2
60 275.0 312.4 116.30 293.0
a is onset temperature for volatile release; b is end temperature for volatile release; c is
the maximum weight loss rate; d is the temperature associated to .
(a) (b)
Fig. 1. Combustion of rice straw under different oxygen concentrations at a 50K min-1 heating rate: (a)
CDC curves; (b) DTG curves.
Fig. 1 show the CDC-DTG curves of rice straw under different oxygen concentrations at heating rate
of 50Kmin-1, it can be seen that the oxygen concentration play an important role in rice straw combustion.
The curves of weight loss rate of rice straw were similar when the temperature was lower than 230 °C.
The maximum weight loss rates of the samples increased with oxygen concentration increased, and the
temperature, associated to maximum weight loss rate, is lower under higher oxygen concentration except
O2:N2 =60:40. The maximum weight loss rate of samples was observed to increase when oxygen
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concentration increased as observed by other researcher [14-15].
Usually, the combustion of rice straw can be divided into two processes: volatile were emitted; fixed
carbon burnt-out [16], the oxygen concentration had an important effect on the second stage of
combustion of straw [17]. As shown in Fig.2b, it is observed that when oxygen concentration increased,
the process of combustion of rice straw samples varied from a single DTG peak to double DTG peaks
(O2=40 vol%). When oxygen concentration is lower, the two processes of volatile matters exist and fixed
carbon combustion occur an overlap, therefore, the DTG curves seem has a peak only; increasing with
oxygen concentration, the volatile exist fast, the end temperature of volatile release is lower than 350°C
(Fig.2b & Table 1), and the fixed carbon (kindling point is 400°C) catch fire after the volatile release, so
that DTG curve has two distinguished peaks.
3.3. Effects of heating-rate on TGA of straw under enriched-oxygen concentrations
Experiments were finished with different heating rates. As shown in Fig. 2 the heating rate is one of the
significant factors in rice straw combustion. The thermogravimetric curves show that, as the heating rate
was increased from 10 to 50 K min-1. When heating rate increased, weight loss rate of the rice straw
increased and the maximum value of DTG curves also shifted to higher temperature except a heating rate
of 40K min-1.
(a) (b)
Fig. 2. Combustion of rice straw at a various heating rate under O2:N2=30:70 atmosphere: (a) CDC
curves; (b) DTG curves.
As shown in Fig. 2a, when at a lower heating rate, the heating of the rice straw particles occurred
more slowly, leading to a better and more effective heat transfer to the inner portions and among the fuel
particles. As a result of the more effective heat transfer, more efficient devolatilization took place,
causing more volatiles released. Therefore, as the heating rate decreased, the CDC curves shifted to left.
At a higher heating rate, the DTG curves for different heating rates (Fig. 2b) showed that the weight
loss rate of combustion shifted to a higher temperature. The reason for these shifts is that the minimum
heat required for the combustion of particles is reached later at higher temperatures, since the heat
transfer is not as effective and efficient as slower heating rates [18].
4. Conclusions
Mass loss rates of straw combustion under different oxygen concentrations were similar when
temperature was below 230°C. When oxygen concentration increased, the DTGmax temperature shifted to
a lower temperature except O2:N2=60:40.
148   Zhaosheng Yu et al. /  Energy Procedia  75 ( 2015 )  144 – 149 
At a lower heating rate, there is a better and more effective heat transfer to the inner portions and
among the fuel particles. At a higher heating rate, the weight loss rate of combustion shifted to a higher
temperature.
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